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BACKGROUND OF THE INVENTION 



This invention relates to paper towels and in particular to paper towels having an enhanced rateof absorp- 
tion and water holding capacity. ^ 

Hithertofore. paper towels have been constructed of a fiber blend material. Normally, creping of the fiber 
blend material provides an improvement in the absorbency attribute. However, the rate of absorption is often 
sacrificed for capacity. An absorbent paper towel using blended fibers which includes a denser top laver for 
strength and an exploded, or anfractuous, bottom layer for improved water absorption capacity without sacrifi- 
cing rate of absorption has not hithertofore been developed. 

SUMMARY OF THE INVENTION 

The present invention provides a paper towel with an improved structure for enhancing a rate of absorption 
and water holding capacity of the towel. H " 

According to the present invention, there is provided a delaminated stratified paper towel comorisino- 
a first layer of chemical fiber blend; and F»«"g. 
a second layer of an anfractuous high bulk softwood fiber blend, unitary with said first layer; 
said first layer being constructed of a chemical softwood and hardwood fiber blend, which blend is more 
dense than said second layer; . U,B 

Mid second layer having approximately 30% to 43% of the anfractuous fiber and approximately 57% to 
70% of long mechanical pulp fiber. m««ya/AB 

Preferably the second layer is a blend of high bulk fiber and fiber derived from chemMhermomechanical 
Pulp-Theanlra^ousfiberma* ' 
or fluffy. In one preferred embodiment, the fiber is treated with citric acid. 

In one preferred embodiment the first layer comprises approximately 70% Kraft softwood and 30% Kraft 
hardwood, by weight. 

The invention also encompasses the inclusion of a third layer in the fiber blend, with the second laver dis- 

as° S the fcnayer the ** ***** *"* ^ *** PntenM '' ,he * W ^ ma V the same composition 

In another embodiment, the paper towel may have a back-to-back multiply structure: i.e. each plycomorises 
se.dfirstlayerand said second layer and the pliesare assembled with the said second layers adjacent whereby 
the resultant structure comprises first layer/second layer/second layer/first layer. ' 
It is preferred that the second layer forms approximately 35% of the total weight of the towel 
The invention also provides a method of forming a delaminated stratified web of said paper towel material 
said method comprising: y K material. 

supplying a first aqueous furnish directly to a wire to form said first layer; 

supplying a second aqueous furnish onto the first furnish disposed on the wire to form said second layer 

drying the assembly of layers formed from said first and second furnishes to form a web of paper towel 
material having a predetermined dryness; 

creping the paper towel material off of the drying means; and 

embossing the paper towel material to a predetermined emboss depth 
The invention will now be described in greater detail with reference to preferred embodiments thereof and 
with the aid of the accompanying drawings, wherein. 

Figure 1 is schematic view illustrating an embodiment of the present invention wherein two furnishes are 
supplied to separate channels of a headbox forming a unitary stratified web which is thereafter subse- 
quently creped and embossed; ' OULW 
Figure 2 illustrates data showing water holding capacity of four different paper towel structures- 
Figure 3A is a microscopic cross-sectional view of a control paper towel; 

Figure 3B is a schematic sectional illustration of the structure of the towel illustrated in Figure 3A- 
Figure 4A is a microscopic view of the chemithermomechanical pulp paper towel; ~ ' 

Figure 4B is a schematic sectional illustration of the structure of the towel illustrated in Figure 4A- 
Figure 5A is a microscopic view of the high bulk fiber paper towel; 

Figure 5B is a schematic sectional illustration of the structure of the towel Illustrated in Figure 5A- 
Figure 6A is a microscopic view of the chemithermomechanical pulp and high bulk additive paper towel- 
Figure 6B is a schematic sectional illustration of the structure of the towel illustrated in Figure 6A; 
Figure 7 is a perspective enlarged schematic illustration of the chemithermomechanical pulp and hioh bulk 
fiber composite stratified structure of the present invention; 

Figure 8 is a perspective enlarged schematic illustration of the stratified structure of a paper towel according 
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to the present invention which includes three layers; and 
towTs^a^ 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred towels of the present invention comprise a unitary stratified structure comprising a dense 

Z XSi ZSl^^^T^ fiber blend (more preferably at » ul 70% SKSiSS 

J Kraft hardwood fiber) and a second layer of bulky anfractuous fiber blend. The bulky anfractuous 
fiber blend includes a coronation of a stiff, long fiber high strength mechanical pulpand a high Mk softwcS 

m m ■ 9 h hi . 9h ? tren9th mechanicai pu,p may ■* « *« ssisss 

such as men^mechan.ca pulp, chemi-mechanical pulp, but preferably a chemMhermomechanical pulp The 
h,gh bulk fiber .s preferably a softwood fiber which has been treated to render the fibers three d^iona? 
curly or fluffy (as opposed to the normally somewhat linear fiber configuration) and then TcSSTS 
ttie th ee d.mens.onal. curly or fluffy structure. As is understood in the art. the exact chemical naL of 
•crossing" or "setting" may not correspond precteely to crosslinking as that term is used * pT yme^ence 
butrathercomprehendssevera. P rocessessucha S mose 

TSUZfTTT .l 3415 ' TreatmemS W " h Citri ° 8Cid 98 030 mpan 3 three cZcter 
to the fiber as wHI glyoxal treatments such as result in Procter and Gamble's HPZ fiber 

By "unitary." we mean that the two layers in the sheetare essentially formed simultaneously as hereinafter 

SUEZ h rtT i We m T th3t l3yere COm *P° ndi "9 to ■» fiber compositions ca b ^obser- 

ved in the finished towel even though the dividing line may not be distinct 

As illustrated in Figure 1. paperforming device 10 is provided for forming stratified papertowel 18accordinq 
to the present invention. First, inside furnish 12 is supplied through lower headbox duct 14. direction toTrm ng 
fabnc 15 Second furnish 16 is supplied through upper headbox duct 17 to the layer previously Trmed b^f S 

n t rr ,sh ,^ 12 r d 16 are considered vet ft,mfehes " wherein •» « ksse 

ate y 15 to 40% sol.ds when it reaches yankee dryer 19. Inside furnish 12 consists of a dense layeT whS 7a 

Z :S„T^ ,ment , may * a T X T tely 650/0 ° f tHe t0ta ' W8i9hl ° f paper towe| . 'ess t an 25% of 
Zal Tr^dwood ^ P y C ° ntainS appr0ximate, y 70% *** and approximately 30% 

JnHY^tlfi 9 apPrOXimately 35% of the ™* r tow *' * applied by the portion of the sheet resulting from 

Zl Z ah !; r "TTT m 3 "" 9, second ftjmish 1 6 was constnjcted four dwe ™< ™* s to 

compare the absorpt.on and water hold.ng capacity of each type of paper towel. As a control, a towel was formed 
in which second furnish 1 6 contained 1 00% Kraft softwood pulp. 

For «> m pa ra tive purposes, a second towel, referred to as the chemi-thermomechanical pulp towel (CTMP 
towel), included 100% Temcell CTMP (sold by Tembec. Inc.) on the air side of the stratified paper toweL This 
softwood pulp had an arithmetic average fiber length of 0.85 mm. a length wefchted average fiber length of 
about 2 mm and a weight weighted average fiber length of about 2.6 mm. Approximate^ 1/3 of the fibere 1 
stitu img however less than about 4% of the fiber weight were .ess than about 0.20 mm!n length. A th'd cTm- 

E"JT r^ de T ated ^ hi9h bU,k fiber tOWel < HBA towel > inc,uded - °» *. air side, approximate* 57% 
Kraft hardwood and approximately 43% high bulk fiber commercially available as Weyerhauese™ BA fibe 
beheved to be somewhat similar to those described in U.S. Patent No. 4.853.086. A fourth towel designated 
the chemUhermomechanical pulp/high bulking fiber towel (CTMP/HBA towel), included on the air sidT 
aPPr ?r rf 3 ' 6 t I CTMP and approximately 43% HBA. The construction of each ply of the four two ply towels 
is set forth in Table 1 and is illustrated in Figures 3B. 4B. 5B and 6B. 

HBA is a bleached Kraft pulp available from Weyerhaueser which is chemically and mechanically modified 
n w ITT " bU,Wn9 " T ' aid PaPef applications - lts lighted average fiber lengthTabou, 

for CTMP .n tissues and towels, but insofar as is known to us. the combination of one layer of CTMP/HBA wlto 
another ayer of Kraft pulp in a unitary sheet has not heretofore been known to provide the surprising comt 
nation of strength, water holding capacity, and high rate of absorption. 9 
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Table 1: Composition of Towel Base Sheets 
(Expressed as % of Total Furnish) 



5 


Towel 
Designation 


Hardwood 


Softwood 


CTMP 


HBA 


10 


1. Control Towel 

2. CTMP Towel 

3. HBA Towel 

4. CTMP/HBA Towel 


20 
20 
40 
20 


80 
45 
45 
45 


35 
20 


15 
15 



15 



20 



25 



30 



«.,hcS!!! f r iS M 2 a "l Second furnish 16 fQ ™ t0 "el 18 which is supplied to the yankee dryer 19 wherein a 
to 95^ the stratified paper towel <s creped off of the yankee dryer 19. Creping of the stratified t>J**to!Z 

Subsequent to creping, the delaminated stratified paper towel 18 from the vankP* rirvar 10 
^wtthanotherplybypasslngthetwobe^^^ 

? B i «n 6 H ST - J T"! l ° T eaCh t0 ^ ta0 P ' y ,0we,S havi "9 »• illustrated in Sr« 3B 

S m ^rTTT't"" embOSS,n9 r0 " era Penetrate 1,16 Paper to " el 10 a de * h °< 0^508 cm 10^2286 

^ii^sar" pattem of embossin9 of - paper towe ' may be ** * «- — u si 

The four towels identified in Table 1 were made according to a method utilizing a paper formino device 10 
as discussed I hereinabove. To make meaningful comparisons possible between 
first furn.sh 12 and the second furnish 16 for each towel were selected to produce 

lengths. In «. art, we consrder a dry breaking length of 668 to 762 meters to be approximately LquaT T te £? 
age physical propert.es of the stratified paper towel are set forth in Table 2. The calipers an d baking lenrthJ 
reported have been normalized to a basis weight of 15.0 lbs/3000 sq ft ream 9 9 



Table 2: 



Base Sheet Physical Properties 



40 


Towel 


Caliper 
(mils/ 
8 plies) 


Breaking 

Length 
(meters) 


WHC 
(gm/gm) 






Designation 


Dry 


Wet 


WAT 
(sec) 


45 


1. Control Towel 

2. CTMP Towel 

3. HBA Towel 

4. CTMP/HBA Towel 


47.4 
50,2 
54.7 
59.1 


762 
784 
749 
668 


199 
237 
227 
195 


7.0 
7.1 
8.8 
9.5 


35.6 
66.5 
17.4 
11.0 



50 «. each towel to emboss depths ranging from 0.0508 cm to 0.2286 cm (0 02 to 0 09 inch*** 

inn S ^ W3ter h0ldi " 9 Pr ° PertieS ° f ** ,0We ' S at each emboss were deteZed SSSSSd 

IK r 6 °° mPW 5 * eqUa ' ^ Stren9th ,evdS 10 detemiine 9 ai " a "< water holTSpac t 
(WHC) due to the presence of the unique fibers added to the second furnish 16 * 

« nnd.wl^ hT'"' ^ T I 5 a " abbreviation for ^tor absorption time" which is specified as the time (in sec 
* onds) requ,red for a 0.1 ml drop of water placed on the towel surface to be absorbed into the towTl *WHcE 
an abbrev.abon for "water holding capacity which is the amount of water retained in L^mStotaSJSS h 
water for one minute, then drained on a horizontal screen for 15 seconds P * 

At equal wet breaking lengths, the CTMP towe. had a water holding capacity approximately 1 .2 grams of 
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water per gram of fiber higher than that of the control towel. The increase in WHC was approximately constant 
across the range of wet strengths resulting from the change in emboss depths. For the third towel, the HBA 
towel, the water holding capacity was about 2.5 grams of water per gram of fiber higher than the control towel. 
The fourth towel, containing both CTMP and HBA, maintained an increase in WHC of approximately 3.5 grams 

5 of water per gram of fiber over the WHC of the control towel throughout the range of wet strengths obtained. 
As an example, the water holding capacities obtained from the four towels at an emboss depth of 0.2286 cm 
(0.09 inches) are shown in Table 3. At this emboss depth, the wet strengths for all four towels were approxim- 
ately equal. The dry strength and water absorption rate for the towels at the emboss depth of 0.2286 cm (0.09 
inches) are also shown in Table 3. The caliper and breaking length values are normalized to 30 lbs/3000 sq. 

io ft. ream converted towel. 



Table 3: Physical Properties of Embossed 
Towels at an Emboss Depth of 0,228 6 cm 



20 



Towel 
Designation 


Caliper 
(mils/ 
8 plies) 


Breaking 
Length 
(meters) 


WHC 
(gm/gm) 


WAT 
(sec) 


Dry 


Wet 


1. 


Control Towel 


176 


471 


135 


8.6 


0.6 


2. 


CTMP Towel 


185 


450 


142 


10.0 


1.2 


3 . 


HBA Towel 


194 


400 


138 


11.3 


0.9 


4 , 


CTMP/HBA Towel 


188 


361 


141 


12.4 


0.8 



Figure 2 illustrates the data for the range of embossed penetrations for the four towels identified 
hereinabove. At a given wet strength, the blend of approximately 15% HBA and approximately 20% CTMP 
30 yields a towel structure that produced a better water holding capacity as compared to the control towel, CTMP 
towel and HBA towel. 

Figure 3A is a light microscopy cross-sectional view of the embossed, converted and finished control towel 
magnified by 50 times. As illustrated in Figure 3B, the control towel is constructed of two plies, each ply including 
two layers. As each ply is constructed on the paper machine, the layer A is the inside furnish comprising 

35 approximately 70% Kraft softwood and 30% Kraft hardwood. The other layer of the control towel is 1 00% Kraft 
softwood pulp which is applied as the outside furnish on the paper machine. The ply consisting of the layer A 
and the other layer is formed as a two layer sheet, and thereafter, joined together with an additional identical 
two layer sheet to create a two ply towel with the A layers forming the exterior surfaces of the towel and the 
other layers being joined to each other. 

40 Similarly, Figure 4A is a 50X light microscopy cross-sectional view of the CTMP towel. Layer A is again 

constructed of 70% Kraft softwood and 30% Kraft hardwood. The CTMP layer is constructed of 1 00% softwood 
Temcell CTMP. A two layer sheet including a layer A and a layer of CTMP material are constructed as a unitary 
sheet Thereafter, a second identical sheet is joined together with the first sheet to create a composite towel 
as illustrated in Figure 4B. 

45 Figure 5A is a 50X light microscopy cross-sectional view of the HBA towel. A sheet including a layer A con- 

sisting of approximately 70% Kraft softwood and 30% Kraft hardwood is joined together in a single unitary sheet 
with a layer of HBA material which includes approximately 57% Kraft hardwood and 43% HBA. This sheet is 
joined together with a second identical sheet to create the two ply towel illustrated in Figure 5B. 

Figure 6A is a 50X light microscopy cross-sectional view of the CTMP/HBA towel. As illustrated in Figure 

50 6B, each unitary ply comprises layer A including approximately 70% Kraft softwood and approximately 30% 
Kraft hardwood, as well as a layer of HBA plus CTMP including approximately 57% CTMP and approximately 
43% HBA. This two layer sheet is combined with an additional identical two layer sheet to form the towel illus- 
trated in Figure 6B. 

The light microscopy cross-sectional view of the embossed, converted and finished paper towel as Rlus- 
55 trated in Figure 6A, indicates a structure which contains a denser outer layer with a finer pore size and pore 
size distribution and an inner layer of CTMP/HBA containing a unique fiber bend. This inner layer exhibits a 
surprisingly "exploded", or anfractuous, structure. The extent of anfractuousness or delamination in the 
CTMP/HBA towel did not occur in the three other paper towels. The blend of CTMP/HBM produces an anfrac- 
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tuous structure which is distinct in water absorbency values and water capacity as compared to the control and 
the CTMP or HBA paper towels. 

Figure 7 illustrates an enlarged, perspective, schematic view of a portion of the delaminated stratified paper 
towel 30 according to a first embodiment of the present invention. A first layer 32 is a denser layer with a finer 

5 pore size and pore size distribution. A second layer 34 contains a unique fiber Wend of approximately 57% 
CTMP and approximately 43% HBA. The second layer is an anfractuous or delaminated layer for enhancing 
the rate of absorption and water capacity of said paper towel. 

Figure 8 illustrates an enlarged, perspective, schematic view of a portion of the delaminated stratified paper 
towel 40 according to a second embodiment of the present invention. A first layer 42 is a denser layer with a 

10 finer pore size and pore size distribution. A second layer 44 contains a unique blend of approximately 57% 
CTMP and approximately 43% HBA. A third layer 46 is a denser layer with a finer pore size and pore size dis- 
tribution. The second layer is an anfractuous or delaminated layer for enhancing the rate of absoption and water 
capacity of said paper towel. 

For those applications in which more absorbency is required while strength is less important, towels may 

15 be constructed wherein the ratio of the weight of the Kraft layer to the weight of the HBA/CTMP layer is from 
about 32 to about 1:1, the ratios of Kraft to HBA/CTMP from about 3:2 to about 2:1 or higher being preferred 
for applications where more strength is required. 

Figure 9 illustrates the wet strength of Towel 5 incorporating such a 1:1 blend superimposed on the data 
of figure 2. It can be appreciated that a strength of at least equivalent to a towel described herein as the HBM 

20 towel is obtained together with at least equivalent water holding capacity 

Measurement of the water absorption time of a single ply resulted in a value of 1 3.8 sea while the water 
absorption time of a two-ply towel was about 0.8 sec. both of which times are at least substantially equivalent 
to those obtained for the HBM towel despite a less expensive pulp having been used. Table 4 summarizes the 
data for the towels evaluated herein. 

25 The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope of the invention, and alt such mod- 
ifications as would be obvious to one skilled in the art are intended to be included within the scope of the fol- 
lowing claims. 



Claims 

1. A delaminated stratified paper towel comprising: 

a first layer of chemical fiber blend; and 
35 a second layer of an anfractuous high bulk softwood fiber blend, unitary with said first layer; 

said first layer being constructed of a chemical softwood and hardwood fiber blend, which blend is 
more dense than said second layer 

said second layer having approximately 30% to 43% of the anfractuous fiber and approximately 
57% to 70% of long mechanical pulp fiber. 

40 

2. A delaminated stratified paper towel as claimed in claim 1, wherein said second layer is a fiber blend of 
anfractuous fiber and a fiber derived from chemi-thenmomechanical pulp. 

3. A delaminated stratified paper towel as claimed in claim 1 or claim 2 wherein the anfractuous fiber is a 
45 fiber which has been treated to render the fibers three-dimensional, curiy or fluffy. 

4. A delaminated stratified paper towel as claimed in claims 1 to 3 wherein the anfractuous fiber is a citric 
acid treated fiber. 

so 5. A delaminated stratified paper towel as claimed in any one of claims 1 to 4 wherein the first layer includes 
approximately 70% Kraft softwood and approximately 30% Kraft hardwood by weight 

6. A delaminated stratified paper towel as claimed in any one of claims 1 to 5 further including a third layer 
of fiber blend and wherein said second layer is disposed between said first and third layers. 

55 

7. A delaminated stratified paper towel as claimed in claim 6 wherein the third layer and the first layer have 
the same composition. 
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A delaminated stratified paper towel as claimed in any one of claims 1 to 7 wherein the second layer forms 
approximately 35% by weight of the total weight of the towel. 

A method of forming a delaminated stratified web of paper towel material as claimed in any one of claims 
1 to 8 comprising: 

supplying a first aqueous furnish directly to a wire to form said first layer 

supplying a second aqueous furnish onto the first furnish disposed on the wire to form said second 

layer, 

drying the assembly of layers formed from said first and second furnishes to form a web of paper 
towel material having a predetermined dryness; 

creping the paper towel material off of the drying means; and 
embossing the paper towel material to a predetermined emboss depth. 
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Figure 3A 
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Figure 
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Figure 6A 
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FIG. 3B 
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(57) A paper towel with improved water holding 
^ capacity and improved rate of absorption has a 
delaminated stratified structure comprising : 
a first layer of chemical fiber blend ; and 
a second layer of an anfractuous high bulk 
softwood fiber Wend, unitary with said first 
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